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Sighal strengths

= Given the mass, properties of the SM HCP CMS

Is=7TeV,L<51fh' ys=gTev L<122f'

Higgs boson are all known theoretically CMS Preliminery M= 1255 GaY
" Proceed to test data whether it is H—> bb (VH tag)
compatible with SM prediction on H — bb (ttH tag)
various properties H — tc (011 jet)
- signal strengths H - tr (VBF tag)
- Spin parity H -t (VH tag)
- couplings H = vy (untagged)
= Overall signal strength (common scale H— v (VBF tag)
factor for expected signal event yields H— WW (0/1 jet)
all channels): p=0.88 + 0.21 H— WW (VBF 1ag)
= Sub-combinations grouped by 3= IVe (Vi 1ag)
(production tag) x (decay mode) Hode| ‘
x*/ndf = 8.7/11 ? Best fit 0/08,:
P(x>>8.7 | ndf=11)=0.65 ‘

Results are consistent with the SM Higgs boson
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Introduction

* What can the spin of the “new found” particle be?

Spin of the Allowed decay channel for a boson with given spin value
decaying
boson

photons ZZ or WW taus b quarks
Spin0 yes yes yes yes
Spin1l no yes yes yes
Spin 2 yes yes no yes
Observed? yes yes / Unknown yet Unknown yet

~

» That’s why it is very important to observe Higgs in tt channel — which will
rule out for it to have a spin of 2
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Spin Parity

 So far we know the observed particle (assuming just one particle)
= Xis aboson (decays to vy, 4l etc)

= X can not be spin 1 (decays to yy + Landau-Yang theorem)

= X can not be 100% O (from 4l correlations) PRL 110, 081803 (2013)

O Further tests in 41 and WW(Ivlv) channels with full data on a few reasonably well
motivated J® hypothesis (“pure” states only) w.r.t. SM Higgs boson

¥ production comment expect (u=1) | obs. 07 | obs. J¥' | CL
0 g —+ X pseudoscalar 2.60 (2.80) 0.50 3.30 0.16%
0, g¢ —+ X | higher dim operators | 1.7¢ (1.8¢) 0.0c 1.70 8.1%
2mee | 88— X minimal couplings 1.80 (1.90) 0.8c 2.70 1.5%
2 g qq — X minimal couplings 1.7 (1.90) 1.80 400 | <0.1%
- qq — X exotic vector 2.80 (3.10) 140 >4.00 | <0.1%
17 qq9 — X exotic pseudovector | 2.3c (2.60) 1.7 >4.00 | <0.1%

NB: testing spin-1 hypothesis makes sense if the excesses come from more than one particle
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Matrix Element approach in 4l

= Build two discriminant based on the complete Leading-Order MEs

CMS preliminary \e=7TeV.L=5.1f6"'\Ja=8TeV,L=10.6 b’

. Dbkgto Separate Signal from ‘g 24 IllIIIlIIlIIIIllIlIllllIIIIIIIIIIIIIIIIIIIIIIIIL;
. . o 22 ® data -
background (ME combined with @ pof — 07, m,=126 GeV ]

pdf(m,)

= D, to separate the SM Higgs
boson from alternative JP
hypothesis

= Exploit fully the (D, D;p) — plane in
statistical analysis
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DJP distributions (with Dy, ,>0.5)
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Spin-parity : test statistics
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Pseudoexperiments

Pseudoexperments
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Spin-parity: results

Expected [o] Observed (u from data)

. pfrom | P(q > Obs | alternative) P(q > Obs|SM Higgs)
3 [0] [o]

CLs [%]

" The studied pseudo-scalar, spin-1 and spin-2 models are
excluded at 95% CL or higher
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D p distributions (with Dy, ,>0.5)

CMS Preliminary ys=7TeV,L=49ft"';{s=8TeV,L=19.5fb"

; __case | expected | observed
’g"m? Sr ) assuming o/cg, =1
Booof. L %@ H ot 1.9 0.9

[ — CMS data f \‘ .

i /‘ 2% 2.4 1.3
30000

: / \\ assuming pre-fit /o, from data
zoooo;— / f H o* 1.5 0.5
100001 / e T \"a\ A 1.8 1.3

A_(r((r.b SIS * Expected separation is at the

%20 40 0 10 2Rl 1Y 2_5 o P

= Datais consistent with both
hypothesis and slightly
favoring 0*

Suvadeep Bose



Coupling compatibility tests

= 8independent parameters (I, My, Mo Tppr My Mg T @Nd T7g7) tO

describe all currently relevant decays and production mechanisms
N(xx->H->yy) ~ o(xx->H).B(H->yy) ~ (I',, [',, / T')

= Extraction of all 8 parameters is too early with the current data

" |nstead, we go after couplings compatibility tests
- assume SM Higgs couplings
- introduce a limited number of scaling factors (k, A)
for couplings and ratio of couplings
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Ky and K¢
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= A map vectorial and fermionic couplings into 2 scale factors, k, and k;
H->(W and t loops)->yy v
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Conclusions

= Datais consistent with SM 0* and disfavoring following pure states:
» pseudo —scalar
» vector and pseudo-vector
» spin 2 resonances with minimal couplings

“Higgs-like” -> “Higgs”
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Back up
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How the CL, Exclusion Limit is obtained

= The distribution of g4 = —2In(L»/Lsm) is examined with
generated samples of background and signal of 7 types

(SM 0* and 6 J) for m, = 126 GeV

= Likelihoods L are calculated with the signal rates

allowed to float independently for each signal type and the
nuisance parameters are treated as independent.

= Adjust the relative expected yield distributions

in the different channels in alternative J? hypotheses which differ
from SM due to kinematics and detector effects.

= Expected distributions are generated with the cross section
for each type of signal determined from the fit to data.

= Consistent results when the expected distributions are generated
with the signal event yields according to SM expectation.
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